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AIMS 
 To quantify the acidification rates in the northern North Atlantic. 
 To verify the impacts of the acidification on the calcium carbonate saturation and total alkalinity (AT). 
 To estimate the concentrations of anthropogenic CO2 (CANT). 
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HIGHLIGHTS 
 The CANT storage rates in the North Atlantic subpolar gyre during the first half of the 1990s, when a high North Atlantic Oscillation (NAO) phase was dominant, were ~48% higher than during the 1997-
2006 low NAO phase that followed. The observed CANT storages are increasing during the OVIDE period (2002-2012), reaching similar rates to those observed during the early 90’s. 
 High acidification rates in mode and intermediate waters of the subpolar gyre, and a general decrease of acification rates through the subtropical zone.  
 A significant negative trend of the saturation state of CaCO3 in terms of aragonite (Ωarag) in all water masses except in deep water masses. Typical negative trends of -1.8 to -5.2·10
-3 y-1 are observed in 
intermediate waters which correspond with an upward migration of 8.6-16 m·y-1 in the saturation horizons. 
 A positive trend in AT for subsurface Eastern North Atlantic waters of 0.26±0.12 μmol·kg






Fig.1 Tracks of the sixteen cruises of marine carbon system 
measurements used in this study (1981-2012). The black straight lines are 
the boundaries of Irminger, Iceland and East North Atlantic basins. Some 
of the TYRO stations are masked under the CHAOS, OACES and A16N 
cruise symbol sets. RR=Reykjanes Ridge; BFZ=Bight Fracture Zone; 
CGFZ=Charlie-Gibbs Fracture Zone; ES=Eriador Seamount. 




















HOW WAS IT DONE? 
A total of sixteen cruises were selected, spanning over 31 years (1981-2012) (Fig. 1). They were accessed from the Carbon In the Atlantic 
(CARINA) data website (http://store.pangaea.de/Projects/CARBOOCEAN/carina/index.htm), except for the OVIDE ‘06 to OVIDE ‘12 data, which 
are not publicly available yet. All cruise data here used are compliant with the latest carbon system analytical recommendations for seawater. The 
pH measurements are spectrophotometric (Clayton and Byrne, 1993) adding m-cresol purple as the indicator. When pH is not measured, it is 
computed from total inorganic carbon (CT) and AT in the CARINA data base. Most of the AT is determined potentiometrically (Mintrop et al., 2000). 
The CANT concentrations were estimated applying the 𝜑𝐶𝑇
0 method (Pérez et al., 2008; Vázquez-Rodríguez et al., 2009). 
The study area was divided in 3 basins: Irminger, between the main axis of the Reykjanes Ridge and the east coast of Greenland; Iceland, 
between the Reykjanes Ridge axis and the line joining the Eriador Seamount and the Faroe Islands; and Eastern North Atlantic (ENA), which 
extends south from the Eriador-Faroe line (Fig. 1). Moreover, the water column is classified in 5 layers delimited by density (Fig. 2), where the 
water mass properties are closely linked with a specific water mass with very homogenous T/S properties (Pérez et al., 2010). For each water 
mass in each region the average pH, AT and saturation of aragonite (ΩArag) was computed. 
Fig.2 pHSWS at 25ºC for 
the OVIDE 12 section. 
White lines are the 
boundary isopicnals (σ in 
kg·m-3). SAIW: Sub Arctic 
Intermediate Water; 
LSW: Labrador Sea 
Water; NADW: North 
Atlantic Deep Water; 
SPMW: Sub Polar Mode 
Water; NACW: North 
Atlantic Central Water; 
MW: Mediterranean 
Water. “c” classical, “u” 
upper and “l” lower 
varities of some water 
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1980 1985 1990 1995 2000 2005 2010 
Year 
0.06±0.06; R2=0.12; P=0.29 
0.03±0.05; R2=0.06; P=0.47 
0.08±0.05; R2=0.25; P=0.12 
0.09±0.07; R2=0.19; P=0.18 
0.18±0.06; R2=0.59; P=0.01 
rates (μmol kg-1 yr-1) 
0.10±0.10; R2=0.11; P=0.29 
0.02±0.08; R2=0.01; P=0.47 
-0.02±0.09; R2=0.005; P=0.12 
0.01±0.17; R2=0.0003; P=0.18 
rates (μmol kg-1 yr-1) 
0.26±0.12; R2=0.34; P=0.03 
0.23±0.07; R2=0.53; P<0.01 
0.10±0.07; R2=0.15; P=0.17 
0.11±0.08; R2=0.15; P=0.17 
0.16±0.07; R2=0.35; P=0.03 













































c) East North Atlantic Basin 
-2.8±1.2; R2=0.41; P=0.03 
-5.2±1.7; R2=0.57; P=0.01 
-3.0±0.9; R2=0.63; P<0.01 
-1.8±0.5; R2=0.65; P<0.01 
-1.4±0.9; R2=0.23; P=0.13 
rates (10-3 yr-1) 
rates (10-3 yr-1) 
-3.9±1.6; R2=0.39; P=0.02 
-1.8±0.9; R2=0.29; P=0.06 
-2.2±0.7; R2=0.52; P=0.01 
-3.6±0.8; R2=0.67; P<0.01 
-4.5±0.9; R2=0.69; P<0.01 
-4.0±1.2; R2=0.51; P<0.01 
-2.3±0.4; R2=0.76; P<0.01 
-0.9±0.5; R2=0.20; P=0.11 
-0.2±0.9; R2=0.003; P=0.85 
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1980 1985 1990 1995 2000 2005 2010 
Year 
-0.9±0.3; R2=0.51; P=0.01 
-1.2±0.2; R2=0.82; P<0.01 
-1.12±0.15; R2=0.88; P<0.01 
-1.11±0.12; R2=0.92; P<0.01 
-0.96±0.17; R2=0.82; P<0.01 
Acidification rates (10-3 pH units yr-1) 
Acidification rates (10-3 pH units yr-1) 
-1.9±0.3; R2=0.81; P<0.01 
-1.2±0.12; R2=0.92; P<0.01 
-1.0±0.2; R2=0.68; P<0.01 
-0.9±0.18; R2=0.73; P<0.01 
-0.9±0.2; R2=0.67; P<0.01 
-1.0±0.2; R2=0.67; P<0.01 
-0.71±0.12; R2=0.77; P<0.01 
-0.2±0.2; R2=0.08; P=0.33 
 0.19±0.13; R2=0.17; P=0.15 
Acidification rates (10-3 pH units yr-1) 
p
H
s
w
s
2
5
 
7.78 
7.76 
7.74 
7.72 
7.72 
